Dissakisites from Trimouns dolomite mine, France, have two kinds of single crystals: chemical-zoned and homogeneous types. Back-scattered electron microprobe (BSE) images of these dissakisites reveal both Ca-Al rich dark zones and Fe-ΣREE rich bright zones. Crystal structures of three dark and two bright zones in a chemical-zoned dissakisite and of a homogeneous zone in unzoned dissakisite were refined to individual R indices (about 3.0-5.0%) based on 1400 observed [‫|‬F 0 ‫|‬ > 4σF 0 ]
Introduction
challenging (Reed and Buckley 1998; Nishida et al. 1999 Nishida et al. , 2003 .
The modified methods devised through careful measurement of these X-ray lines have improved the quality of the REE data collected by EMPA (Reed and Buckley 1998; Nishida et al. 1999 Nishida et al. , 2003 : X-ray intensities of La, Ce and Nd were measured at the L 1 X-ray line, while those of Pr, Sm and Gd were measured at the L 1 lines. Standards for REE were synthetic Ca-Al silicate glasses each containing REE, obtained from P & H Development Ltd. The chemical compositions of the standards are given in Table 1 of Hoshino et al. (2005) . All data were corrected with a ZAF matrix-correction program. The above-mentioned method for REE analysis has been applied successfully (Hoshino et al. 2005 (Hoshino et al. , 2006 .
Representative chemical compositions of the chemical zones are presented in Table 1 . The occurrences of the present dissakisites from Trimouns and Balchen Mountain indicate that they are not associated with Fe 3+ -bearing minerals (Grew et al. 1989 (Grew et al. , 1991 De Parseval et al. 1997; Marty 2004 (Grew et al. 1991; De Parseval et al. 1997 ).
Crystal structure analysis
Using the stereomicroscope, each zone of the examined crystals from Trimouns on the BSE images (Fig. 1a, b) was completely scooped out from the polished samples with a hard metal needle with constant reference to the BSE photographs, carefully selected for the structure refinements (Fig. 1a, b) . The chemical-zoned dissakisite from Balchen Mountain was too small to perform the structure analysis for a single crystal (Fig. 1c) . Single-crystal X-ray-diffraction intensities for dissakisites from Trimouns were obtained with an Enraf-Nonius CAD4 automated diffractometer with graphite-monochromated MoK radiation. For each zoned crystal, twenty-five reflections in the range 20  2θ  30 were centred, and the unit-cell dimensions (Table 2) were refined from the resultant setting angles using the least-squares technique. Intensity data were collected in the -2 scan-mode at affixed scan-rate of 1.0 2/min.
Psi-scan data were measured on 5 reflections at 10º increments above the diffraction vector, and an absorption correction was applied using the semi-empirical method (North et al. 1968) . The data were corrected for Lorentz, polarisation and background effects, averaged and reduced to structure factors; about 1400 unique reflections were observed [F 0  4(F 0 )].
Results

Chemical composition
Both chemical-zoned and homogeneous dissakisites are distinctly observed on BSE images (Fig. 1a, b, c). The former crystals display a series of chemically distinct zones that reflect overgrowth of different types of dissakisite. Moreover, the chemical zonings in the examined dissakisites are characterised by straight boundary limits. Our present observation confirms that there are several chemical zones with straight boundary limits in all the seven crystals of dissakisite-(Ce) from Balchen Mountain provided by Grew et al. (1991) . As an example, one of these seven crystals is shown in Fig. 1c ; the chemical compositions were determined (Table 1 ). The present chemical zonings (Fig. 1a, c ) certainly represent the magmatic zoning evidenced by marking several different levels of composition with straight boundary limits (Poitrasson 2002; Gieré and Sorensen 2004) . In the BSE image of dissakisites from Trimouns, dark brown crystals that can be seen with naked eye have chemical zoning while both light brown and transparent ones are homogeneous (Fig. 1a, b) .
The quantitative EMPA of each zone demonstrated that Ce predominates La and all other REE in the analysed dissakisites; therefore, it can safely be said that the minerals from Trimouns (abbr, Tri 1-6) and
Balchen Mountain (abbr, Bal 1-5) correspond to dissakisite-(Ce) ( (Tables 1 and 6 ). The refined structural data for the six zones of Tri1 to Tri6 did not differ greatly from one another. Therefore, the structural data for Tri 1 (minimum brightness), Tri 5 (maximum brightness) and Tri 6 (homogenous) are representatively given as follows: final atomic coordinates and anisotropic displacement parameters are presented in Table 3; selected interatomic distances are provided in Table 4 and bond valences analysis is given in Table 5 .
Assigned and refined site occupancies of dissakisites from Trimouns are shown in Table 6 . The present chemical-zoned dissakisites from Balchen Mountain (Bal 1-5) were too small to perform structure analysis for a single crystal. Therefore, the site occupancies for dissakisite from Balchen Mountain (Bal composition with straight limits, certainly represents magmatic zoning (Poitrasson 2002; Gieré and Sorensen 2004) . All of seven examined dissakisite crystals (see Fig. 1c for one of the seven crystals) from Balchen Mountain have tiny chemical zones with straight boundary limits, which were not described by Grew et al. (1991) . Thus, it is difficult to collect a single crystal of dissakisite-(Ce) from Balchen
Mountain available for crystal structure analysis (Rouse and Peacor 1993) because the crystals show complex chemical zoning in the order of 10 µm (Fig. 1c) . Furthermore, the chemical composition dictated
by the structural refinement of dissakisite from Balchen Mountain (Rouse and Peacor 1993) differs considerably from that analysed by EMPA (Grew et al. 1991) . It is significant that the crystal structure of the present dissakisite from Trimouns was refined under the constraints of accurate chemical composition by EMPA (Tables 1 and 6 ). The crystal structure of dissakisite-(La) has been determined by Lavina et al. sites of metamict dissakisite-(La) are nearly equal to those of the present dissakisite-(Ce) from Trimouns, atomic displacement parameters for O8 and O9 for the former dissakisite are significantly larger than those for the latter. Thus, this difference suggests that the present dissakisite-(Ce) from Trimouns is non-metamict.
The bond valence sum was calculated to establish the credibility of the refined crystal structure. The calculation was done from the process parameters provided by Brese and O'Keeffe (1991) . Bond valences of O4 and O10 are undersaturated in comparison with the ideal bond valence, 2.00, for O atom (Table 5 ).
The bond valence sums for O4 and O10 are 1.63-1.68 and 1.28-1.32 v.u., respectively, implying that the O10 atom is the donor oxygen for the H atom ( 
, the former is darker than the latter (Table 6 ; Fig. 2b , c). A crucial difference in the occupancy site of those elements participating in the above coupled substitutions has arisen between A2 and M3 sites in Trimouns dissakisite and between A2 and M1 ones in Balchen Mountain (Table 6 ). Moreover, close observation of these zones under polarising microscope reveals that they have simultaneous extinction with one another (Fig. 1a, c ). Both chemical zoning of the present dissakisite-(Ce) and the simultaneous extinction of these zones with one another demonstrate that formation of the whole zoned crystal, grown jointly with mutually parallel axes in the open system, may be identified as autoepitaxy (Bonev 1972) .
The variation in each crystal structure of zoned dissakisite-(Ce) from Trimouns may be checked by comparing the volumes of two A, three M and three Si polyhedra, calculated using the IVTON computer program (Balić-Žunić and Vickovic 1996) ( Table 7) . As a result, the volumes of A1, (M1, M2) and (Si1-Si3) sites ordered by Ca, Al and Si cations, respectively, were similar among six refined crystals. On the other hand, the sum of volumes of A2 and M3 sites occupied by (ΣREE and Ca) and (Mg, Al and Fe) atoms, respectively, bears a linear relationship to the length of the b axis, albeit unchangeable against the a and c axes (Fig. 3) . Lattice parameters of dissakisite-(La) in the Ulten zone are plotted far away from those of the present dissakisite-(Ce) in Trimouns (Fig. 3) , probably because of the expansion of lattice parameters caused by strong metamictisation (Lavina et al. 2006) . Moreover, lattice parameters of dissakisite-(Ce) from Balchen Mountain determined by Rouse and Peacor (1993) are also plotted apart from those of the present dissakisite-(Ce) (Fig. 3) because the values of A2 and M3 site-occupancies refined to the former dissakisite-(Ce) (Rouse and Peacor 1993) differ from the EMPA ones obtained by the present study (Tables 1 and 6 ). Although Bonazzi and Menchetti (1995) (Table 7) . Furthermore, the volume expansion of A2 and M3 polyhedra exerts a potent influence on the b axis of dissakisite-(Ce) (Fig. 3 ): ten-coordinated A2 polyhedra share an edge with M3 octahedra (Fig. 4) , and so the cations occupying the other polyhedra adjacent to these two polyhedra can easily mediate the charge difference in the above coupled substitution between A2 and M3 polyhedral (2) (2) (7) Table 4a Selected interatomic distances (Å) for Tri1
Symmetry transformations used to generate equivalent atoms; a) -x+1, -y, -z+1; b) -x+1, -y+1, -z+1; c) -x, -y -z+1; d) x, y, z-1; e) x+1, y, z; f) -x+1, -y, -z+2; g) -x+1, -y+1, -z+2; h) x, y, z+1; i) x+1, y, z+1; j) -x, y-1/2, -z; k) -x, y+1/2, -z; l) -x, y+1/2, -z+1; m) -x+1, y+1/2, -z+1; n) -x, y-1/2, -z+1; o) -x, -y, -z ;p) x-1, y, z; q) x-1, y, z-1; r) -x+1, y+1/2, -z+2; s) x, -y+1/2, z Table 4b Selected interatomic distances (Å) for Tri 5
Symmetry transformations used to generate equivalent atoms; a) -x+1, -y, -z+1; b) -x+1, -y+1, -z+1; c) -x, -y -z+1; d) x, y, z-1; e) x+1, y, z; f) -x+1, -y, -z+2; g) -x+1, -y+1, -z+2; h) x, y, z+1; i) x+1, y, z+1; j) -x, y-1/2, -z; k) -x, y+1/2, -z; l) -x, y+1/2, -z+1; m) -x+1, y+1/2, -z+1; n) -x, y-1/2, -z+1; o) -x, -y, -z ;p) x-1, y, z; q) x-1, y, z-1; r) -x+1, y+1/2, -z+2; s) x, -y+1/2, z Table4c Selected interatomic distances (Å) for Tri 6
Symmetry transformations used to generate equivalent atoms; a) -x+1, -y, -z+1; b) -x+1, -y+1, -z+1; c) -x, -y -z+1; d) x, y, z-1; e) x+1, y, z; f) -x+1, -y, -z+2; g) -x+1, -y+1, -z+2; h) x, y, z+1; i) x+1, y, z+1; j) -x, y-1/2, -z; k) -x, y+1/2, -z; l) -x, y+1/2, -z+1; m) -x+1, y+1/2, -z+1; n) -x, y-1/2, -z+1; o) -x, -y, -z ;p) x-1, y, z; q) x-1, y, z-1; r) -x+1, y+1/2, -z+2; s) x, -y+1/2, z 
